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(57) A stainproofing composition having water- and
oil-repellency, containing a polymer emulsion prepared
by dissolving at least one polyfluoroalkyl group-contain-
ing compound selected from the group consisting of a
polyfluoroalkyl group-containing (meth)acrylate poly-
mer, a polyfluoroalkyl group-containing polyester, a
polyfluoroalkyl group-containing maleate and a poly-
fluoroalkyl group-containing fumarate in at least one
monomer selected from the group consisting of a
(meth)acrylate ester, a vinyl ester, a styrene compound
and vinylidene chloride, vinyl chloride, emulsifying the
resultant solution in water to prepare an oil-in-water
emulsion, and polymerizing the emulsion exhibits excel-
lent water- and oil-repellency and stainproof properties.
It is also superior in sedimentation stability of the emul-
sion.
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Description

FIELD OF THE INVENTION

The present invention relates to a stainproofing composition for fiber, comprising a polymer emulsion having a
microphase separation structure in particles (hereinafter referred to as a "composite emulsion”) prepared by emulsify-
ing, in water, a solution wherein a specific polyfluoroalkyl group-containing compound (hereinafter abbreviated to a "Rf
compound”) is dissolved in a specific monomer to give an oil-in-water emulsion, and polymerizing the emulsion. The
stainproofing composition of the present invention acts also as a water- and oil-repellent.

RELATED ART

As a fluorine-containing water- and oil-repellent composition or fluorine-containing stainproofing composition hav-
ing a microphase separation structure in particles, an emulsion prepared by a seed emulsion polymerization (Japanese
Patent Kokai Publication No. 1795/1990) has hitherto been known. This emulsion is obtained by swelling the previously
prepared seed particles of a polyfluoroalkyl group-containing polymer with a mixture of a hydrocarbon monomer and a
polyfluoroalkyl group-containing monomer (hereinafter referred to as a "fluorine monomer™), followed by polymerizing.
This emulsion has the feature that the equivalent water- and oil-repellency can be obtained by a low-temperature heat
treatment at a low fluorine concentration in comparison with a random copolymer having the same composition as that
of the above emulsion and prepared by copolymerizing a hydrocarbon monomer and a fluorine monomer according to
a usual radical polymerization method. However, there was the problem that a long time is required to swell the seed
particles with the monomer and it is difficult to conduct industrially the mass production.

SUMMARY OF THE INVENTION

The present inventors have intensively studied on a method of producing a fluorine-containing stainproofing com-
position having a microphase separation structure in particles. As a result, the present inventors have found a method
of preparing a composite emulsion having a microphase separation structure in particles, which comprises emulsifying
a solution, wherein a specific Rf compound is dissolved in a specific monomer, in water to prepare an oil-in-water emul-
sion and polymerizing the emulsion. The composite emulsion thus obtained exhibits the equivalent water- and oil-repel-
lency and stainproof properties by a lower temperature heat treatment at a lower fluorine concentration in comparison
with the corresponding blend emulsion (prepared by blending an emulsion of a Rf compound with a blender emulsion
obtained by previously emulsion-polymerizing a monomer), a copolymer emulsion (prepared by copolymerizing a Rf
compound with a monomer when the Rf compound has a polymerizable double bond) and a polymer emulsion pre-
pared by the seed emulsion polymerization. The composite emulsion of the present invention has the feature that the
composite emulsion is superior in sedimentation stability to the corresponding blend emulsion because the specific
gravity of the composite emulsion particles is close to that of water.

The present invention provides a stainproofing composition having water- and oil-repellency, comprising a polymer
emulsion prepared by dissolving at least one polyfluoroalkyl group-containing compound selected from the group con-
sisting of a polyfluoroalkyl group-containing (meth)acrylate polymer, a polyfluoroalkyl group-containing polyester, a
polyfluoroalkyl group-containing maleate and a polyfluoroalkyl group-containing fumarate in at least one monomer
selected from the group consisting of a (meth)acrylate ester, a vinyl ester, a styrene compound, vinyl chloride and vinyli-
dene chloride, emulsifying the resultant solution in water to give an oil-in-water emulsion, and polymerizing the resultant
emulsion.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph illustrating a relationship between F/C and a fluorine concentration in a polymer, in the emulsions
used in Example 1 and Comparative Examples 1 to 3.

DETAILED DESCRIPTION OF THE INVENTION

The polyfluoroalkyl group-containing compound (Rf compound) is, for example, a polymer of a polyfluoroalkyl
group-containing (meth)acrylate having a repeating unit represented by the general formula (1):
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1
(CHC)- (1)
COO-A-Rf

a polyfluoroalkyl group-containing polyester represented by the general formula (2):

-(CI)HCHQO-OC-B1-CO)y-((]?HCH2O)Z-

;I\ CH, (2)

|
A @ |
a polyfluoroalkyl group-containing maleate represented by the general formula (3):

H /COO-A- Rf

O

(3)

O=

H” “COO0-A-Rf

or a polyfluoroalkyl group-containing fumarate represented by the general formula (4):

H_ COO-A-Rf
| (4)

AN
““H

O

O—

Rf-A-OCO

wherein Rf is a polyfluoroalkyl group having 6 to 16 carbon atoms;
A is an alkylene group having 1 to 4 carbon atoms, or

R'O
| 1
-R&-N-S-
I
@)
R1
|
-R2-N-CO-

(wherein R is an alkyl group having 1 to 4 carbon atoms and R? is an alkylene group having 1 to 4 carbon atoms) or
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OH
-CH,CHCH,-

B! is an alkylene group having 1 to 4 carbon atoms or a phenylene group;
X is a hydrogen atom or a methyl group;
y is from 1 to 100; and z is from 1 to 1000.
Specific examples of the Rf compound used in the present invention include the following compounds.
The polyfluoroalkyl group-containing (meth)acrylate polymer is a homopolymer or a copolymer. Examples of the
repeating unit in the polyfluoroalkyl group-containing (meth)acrylate polymer include the followings:

-[CH5-CHCOOC,H4CFopy 1]
-[CH5-C(CHz)COOCH4CFon,1]-
-[CH>-CHCOOC,;H4N(CH3)SO5C, Fop,1]-
-[CH>-CHCOOC,H,CpF5p.1(CF3)s]-

wherein n is an integer of 6-16.

The polyfluoroalkyl group-containing (meth)acrylate copolymer is a copolymer of two or more polyfluoroalkyl group-
containing (meth)acrylates, or a copolymer of at least one polyfluoroalkyl group-containing (meth)acrylate and at least
one other monomer. Examples of the repeating unit derived from the other monomer in the copolymer of the polyfluor-
oalkyl group-containing (meth)acrylate include the followings:

{[CH,-CHCOOC, Hapr -
-[CHg-CHOCOC Hapy -
-[CH-CH(CgHs)]-
[CHy-CHCI-
-[CH»-CCl,]-

wherein m is an integer of 1 to 45 and p is an integer of 1 to0 45. Example of the copolymer of the polyfluoroalkyl group-
containing (meth)acrylate include the following compounds:

a copolymer having a repeating unit: -[CH5-CHCOOC,H,C,,F5,.,1]- and a repeating unit: -[CH5-CHCOOC ,Hom . 11-
, and
a copolymer having a repeating unit: -[CH>-CHCOOC,H,CFo,,,1]- and a repeating unit: -[CH,-CHCI]-

wherein mis an integer of 1 to 45 and n is an integer of 6 to 16.
Examples of the polyfluoroalkyl group-containing polyester include the following compounds:

+(CHOH,0-0C-CH;CH,-C0),-(CHCH,0),-
CH,CFan41 (-;'Hz

o-©

-(CI:HCHQO-OC—@CO)y—((i‘,HCHZO)Z-
CH,CFan4 CH,

O

wherein n is an integer of 6 to 16, y is from 1 to 100 and z is from 1 to 1000.
Examples of the polyfluoroalkyl group-containing maleate include the following compound:
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H_COO0-CH,CH,CoFan.s

@)

o=

AN
H” “COO-CH,CH,C,Fan,1

wherein n is an integer of 6 to 16.
Examples of the polyfluoroalkyl group-containing fumarate include the following compound:

H\ /COO-CHZCHzCnF2n+1

C
[l

/C\

wherein n is an integer of 6 to 16.

Two or more types of Rf compounds may be used in combination.

The monomer used in the present invention includes at least one selected from the group consisting of a (meth)acr-
ylate ester, a vinyl ester, a styrene compound, vinyl chloride and vinylidene chloride, and dissolves the above Rf com-
pound.

Examples of the monomer include:

(1) methyl, ethyl, butyl, isobutyl, t-butyl, propyl, 2-ethylhexyl, hexyl, decyl, lauryl, stearyl, isobornyl, p-hydroxyethyl,
glycidyl ester, phenyl, benzyl and 4-cyanophenyl esters of acrylic acid and methacrylic acid;

(2) vinyl esters of an aliphatic acid such as acetic acid, propionic acid, caprylic acid, lauric acid and stearic acid;
(3) a styrene compound such as styrene, a-methylstyrene and p-methylstyrene;

(4) vinyl chloride; and

(5) vinylidene chloride. The monomer may be substituted with fluorine. For example, the monomer may be a mon-
omer having a polyfluoroalkyl group, such as a (meth)acrylate ester having a polyfluoroalkyl group. Two or more
monomers may be used in combination, so far as they dissolve each other.

In the composite emulsion used in the present invention, the concentration of fluorine in composite particles formed
by the Rf compound and the monomer is usually at least 5% by weight, preferably from 10 to 70% by weight. When the
concentration of fluorine is smaller than 5% by weight, good water- and oil-repellency and stainproof properties are not
obtained. The proportion of the total amount of the Rf compound and monomer to the amount of the composite emul-
sion is usually not larger than 50% by weight, preferably from 10 to 45% by weight. When the proportion is larger than
50% by weight, particles are liable to fuse each other, which results in deterioration of stability. The weight ratio of the
RF compound to the monomer is usually from 10:90 to 90:10, preferably from 20:80 to 80:20.

In order to obtain a composite emulsion having excellent stability, it is preferred to emulsify a mixture of the Rf com-
pound and monomer in water by using an emulsifying device capable of imparting a strong shear energy, such as a
high-pressure homogenizer and an ultrasonic homogenizer. As an emulsifier, various (e.g. anionic, cationic or nonionic)
emulsifiers can be used. The amount of the emulsifier may be within the range from 0.5 to 10 parts by weight, based
on 100 parts by weight of the total amount of the Rf compound and monomer. A water-soluble organic solvent may be
added to improve emulsifiability. Examples of the water-soluble organic solvent include acetone, methyl ethyl ketone,
ethyl acetate, propylene glycol, dipropylene glycol, tripropylene glycol, ethanol and the like. The water-soluble organic
solvent is usually used in the amount of not more than 30 parts by weight, preferably from 5 to 20 parts by weight, based
on 100 parts by weight of the total amount of the Rf compound and monomer.

In polymerization, there can be used a method of emulsifying a mixture of the Rf compound and monomer in water,
introducing a polymerization initiator after substituting with nitrogen, and polymerizing the emulsion with stirring at the
temperature within the range from 50 to 80°C for several hours. As the polymerization initiator, there can be used a
water-soluble polymerization initiator such as benzoyl peroxide, lauroyl peroxide, tertiary butyl perbenzoate, 1-hydrox-
ycyclohexyl hydroperoxide, 3-carboxypropionyl peroxide, acetyl peroxide, azobisisobutylamidine dihydrochloride, azo-
bisisobutyronitrile, sodium peroxide, potassium persulfate and ammonium persulfate; and an oil-soluble polymerization
initiator such as azobisisobutyronitrile, benzoyl peroxide, di-tert-butyl peroxide, lauryl peroixde, cumene hydroperoxide,
t-butyl peroxypivalate and diisopropyl peroxycarbonate. In the case of the use of the water-soluble polymerization initi-
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ator, if the amount of the emulsifier is not adjusted to give the concentration of the emulsifier in a continuous phase
which is smaller than a critical micelle concentration, the monomer is emulsion-polymerized in a micelle and new par-
ticles of the polymer emulsion are formed, which results in reduction of formation ratio of the composite emulsion. The
polymerization initiator may be used in the amount within the range from 0.01 to 5 parts by weight, based on 100 paris
by weight of the monomer. In the polymerization, a chain transfer agent and a pH adjustor may be optionally used. The
molecular weight of the composite emulsion obtained after the polymerization is usually from 10,000 to 1,000,000, pref-
erably from 20,000 to 300,000.

The stainproofing composition of the present invention is applied by a method of coating on the surface of a sub-
strate to be treated according to a known process such as dip coating, followed by drying or a method of spraying a
treating liquid by a spray. If necessary, the stainproofing composition may be applied together with a suitable crosslink-
ing agent, followed by curing. It is also possible to add other water repellents and oil repellents, or antifungus agents,
flame retardants, antistatic agents, paint fixing agents, crease-proofing agents, etc. to the stainproofing composition of
the present invention.

The substrate to be treated with the stainproofing composition of the present invention may be any textile, and is
not specifically limited. Examples of the textile include animal- or vegetable-origin natural fibers such as cotton, hemp,
wool, silk, etc.; synthetic fibers such as polyamide, polyester, polyvinyl alcohol, polyacrylonitrile, polyvinyl chloride, poly-
propylene, etc.; semisynthetic fibers such as rayon, acetate, etc.; and a mixture of these fibers. The textile may be in
any form such as afiber, a yarn, a fabric and the like. When the textile is a carpet, the carpet may be formed from fibers
or yarns treated with the composition of the present invention. Alternatively, the carpet may be treated with the compo-
sition of the present invention.

PREFERRED EMBODIMENT OF THE INVENTION

The present invention will be illustrated by the following Examples which do not limit the present invention.

The water repellency and oil repellency in case of treating a usual fiber are evaluated as follows. The water repel-
lency is expressed by the water repellency No. (cf. the following Table 1) determined by the spray method according to
JIS (Japanese Industrial Standard) L-1092. The oil repellency is determined by dropping several drops (diameter: about
4 mm) of a test solution shown in AATCC-TM-118-1966 (cf. the following Table 2) on two positions of the surface of a
test cloth and observing the penetration state of the drops after 30 seconds. A maximum point of the oil repellency given
by the test solution causing no penetration is recorded as the oil repellency. The superscripts "+" and "-" to the water
repellency No. or oil repellency No. represent that the result is slightly better and slightly worse than said water repel-
lency No. or oil repellency No., respectively.

Table 1
Water repellency No. State
100 No wet on the surface
90 Slight wet on the surface
80 Partial wet on the surface
70 Wet on the surface
50 Wet over the whole surface
0 Complete wet on the front and back surfaces
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Table 2
Qil repellency Test solution Surface tension
(dyne/cm, 25°C)
8 n-Heptane 20.0
7 n-Octane 21.8
6 n-Decane 23.5
5 n-Dodecane 25.0
4 n-Tetradecane 26.7
3 n-Hexadecane 27.3
2 Hexadecane/Nujol (35/65 by weight) 29.6
1 Nujol 31.2
0 Inferior to 1 -

The water repellency and the stainproof properties in case of treating a carpet were evaluated as follows. The water
repellency is determined by gently dropping small drops of an isopropyl alcohol/water mixture solution having the fol-
lowing composition shown in Table 3 on the surface of a carpet fabric and measuring a maximum content of isopropyl
alcohol in the solution which maintains a shape of the drop after 3 minutes. The stainproof properties are determined
as follows. First, a carpet is contaminated with a dry soil having the composition shown in Table 4 according to JIS 1023-
1992. After the excess dry soil on the surface is sucked with an electrical cleaner, brightness of the surface is measured
by a colorimeter and a staining degree is calculated from the following equation, which is taken for evaluation of dry soil
stainproof properties.

Staining degree (%) = [(L 4 - L)/L 4] x 100

(Lo: brightness before contamination, L: brightness after contamination).

Table 3
Mixture composition (volume ratio
%)
Isopropyl alcohol Water

50 50
40 60
30 70
20 80
10 90

0 100
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Table 4
Component Weight ratio (%)

Peat moss 40
Portland cement (JIS R 5210) 17

White clay (JIS K 8746) 17
Diatomaceous earth (JIS K 8330) 17

Carbon black (JIS K5107) 0.1

Iron (111) oxide for ferrite (JIS K 1462) 0.15
Nuijol 8.75

The oil repellency in case of treating a carpet was evaluated according to the same manner as in case of treating
a usual fiber.

Preparative Example 1

(Composite emulsion of FA/StA copolymer)

In a four-necked flask equipped with a reflux condenser, a nitrogen introducing tube, a thermometer and a stirrer,
120 g of CH,=CHCOO(CH,),(CF,CF5),,CF>CF3 (hereinafter referred to as "FA", a mixture of compounds wherein n is
3, 4 and 5 in a weight ratio of 5:3:1), 60 g of stearyl acrylate (StA), 700 g of 1,1,1-trichloroethane were charged and
heated to 60°C. Then, the mixture was stirred under a nitrogen gas flow for 30 minutes. 1 g of t-butyl peroxypivalate
(PERBUTYL PV manufactured by Nippon Qil & Fats Co. Ltd.) was added and the polymerization was conducted for 6
hours. A gas chromatography analysis revealed that at least 99% of monomers were polymerized. Ethanol was added
to the resultant reaction solution to precipitate a polymer. The polymer was dried under vacuum to give a FA/StA copol-
ymer (content of fluorine: 43% by weight). A molecular weight of the resultant FA/StA copolymer was measured by
GPC. The weight average molecular weight was 50,000 (in polystyrene terms).

After 20 g of the FA/StA copolymer obtained by the above operation was dissolved in 40 g of ethyl acrylate (EA),
the resultant solution was mixed with 150 g of deionized water, 24 g of acetone, 0.04 g of n-laurylmercaptan, 1.8 g of
stearyltrimethylammonium chloride and 4.2 g of polyoxyethyleneoctylphenyl ether. The mixture was heated to 70°C and
emulsified by a high-pressure homogenizer to give an emulsion, which was charged in a four-necked flask equipped
with a reflux condenser, a nitrogen introducing tube, a thermometer and a stirrer. After the emulsion was maintained at
70°C under a nitrogen gas flow for about one hour with sufficient stir, 0.2 g of azobisisobutyronitrile (AIBN) was added
to initiate the polymerization. A composite emulsion (content of fluorine: 14% by weight) was obtained after heating with
stirring at 70°C for 6 hours. A gas chromatography analysis revealed that at least 99% of monomers were polymerized.
A molecular weight of the resultant composite emulsion was measured by GPC. Two peaks having weight average
molecular weight (in terms of polystyrene) of 50,000 and 200,000 were observed. It was assumed that the former is a
peak of the FA/StA copolymer and the latter is that of the EA polymer.

Preparative Examples 2 10 5
(Composite emulsion of FA/StA copolymer)

In Preparative Example 2, the same manner as in Preparative Example 1 was repeated, except that 30 g of EA and
10 g of FA were used as the monomer in which the FA/StA copolymer dissolves.

In the same manner, 20 g of EA and 20 g of FA were used in Preparative Example 3. 10 g of EA and 30 g of FA

were used in Preparative Example 4. 40 g of FA was used in Preparative Example 5.

Comparative Preparative Example 1

(Blend emulsion of FA/StA copolymer)

10 g of the FA/StA copolymer used in Preparative Example 1, 5 g of ethyl acetate, 5 g of chlorofluorocarbon-113,
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0.3 g of stearyltrimethylammonium chloride, 0.7 g of polyoxyethyleneoctylphenyl ether and 26 g of deionized water were
mixed, heated to 60°C and then emulsified by a high-pressure homogenizer. Ethyl acetate and chlorofluorocarbon were
distilled off from the resultant emulsion by a rotary evaporator to give a FA/StA copolymer emulsion.

On the other hand, 60 g of EA, 150 g of deionized water, 24 g of acetone, 0.06 g of n-laurylmercaptane, 1.8 g of
stearyltrimethylammonium chloride and 4.2 g of polyoxyethyleneoctylphenyl ether were mixed, heated to 70°C and then
emulsified by a high-pressure homogenizer to give an emulsion. The emulsion was charged in a four-necked flask
equipped with a reflux condenser, a nitrogen introducing tube, a thermometer and a stirrer. After the emulsion was
maintained at 70°C under a nitrogen gas flow for about one hour with sufficient stir, 0.3 g of azobisisobutyronitrile
(AIBN) was added to initiate the polymerization. A blender emulsion was obtained after heating with stirring at 70°C for
6 hours. A gas chromatography analysis revealed that at least 99% of monomers were polymerized. A molecular weight
of the resultant blender emulsion was measured by GPC. A weight average molecular weight was 200,000 (in terms of
polystyrene).

The FA/StA copolymer emulsion and blender emulsion were blended so that a weight ratio of the solid content of
the FA/StA copolymer emulsion to that of the blender emulsion was 1:2 to give a blend emulsion whose polymer com-
position is almost the same as that of the composite emulsion of Preparative Example 1.

Comparative Preparative Examples 2 to 5

(Blend emulsion of FA/StA copolymer)

In Comparative Preparative Example 2, the same manner as in Preparative Example 1 was repeated, except that
45 g of EA and 15 g of FA were used as the monomer of blender emulsion with which the FA/StA copolymer emulsion
was blended.

In the same manner, 30 g of EA and 30 g of FA were used in Comparative Preparative Example 3. 15 g of EA and
45 g of FA were used in Comparative Preparative Example 4. 60 g of FA was used in Comparative Preparative Example
5.

Comparative Preparative Example 6

(FA/StA/EA copolymer emulsion)

6.7 g of StA, 40 g of EA, 13.3 g of FA, 150 g of deionized water, 24 g of acetone, 0.06 g of n-laurylmercaptan, 1.8
g of stearyltrimethylammonium chloride and 4.2 g of polyoxyethyleneoctylphenyl ether were mixed, heated to 70°C and
then emulsified by a high-pressure homogenizer. The resultant emulsion was charged in a four-necked flask equipped
with a reflux condenser, a nitrogen introducing tube, a thermometer and a stirrer. After the emulsion was maintained at
70°C under a nitrogen gas flow for about one hour with sufficient stir, 0.3 g of azobisisobutyronitrile (AIBN) was added
to initiate the polymerization. A copolymer emulsion was obtained after heating with stirring at 70°C for 6 hours. A gas
chromatography analysis revealed that at least 99% of monomers were polymerized. A molecular weight of the result-
ant copolymer emulsion was measured by GPC. A weight average molecular weight was 180,000 (in terms of polysty-
rene).

The polymer composition of this emulsion is the same as that of the composite emulsion of Preparative Example 1.

Comparative Preparative Examples 7 to 10

(FA/StA/EA copolymer emulsion)

In Comparative Preparative Example 7, the same manner as in Comparative Preparative Example 6 was repeated,
except that 6.7 g of StA, 30 g of EA and 23.3 g of FA were used as the monomer.

In the same manner, 6.7 g of StA, 20 g of EA and 33.3 g of FA were used in Comparative Preparative Example 8.
6.7 g of StA, 10 g of EA and 43.3 g of FA were used in Comparative Preparative Example 9. 6.7 g of StA and 53.3 g of
FA were used in Comparative Preparative Example 10.

Comparative Preparative Example 11

(Polymer emulsion prepared by seed emulsion polymerization)

20 g of the FA/StA copolymer used in Preparative Example 1, 10 g of ethyl acetate, 10 g of chlorofluorocarbon-113,
0.6 g of stearyltrimethylammonium chloride, 1.4 g of polyoxyethyleneoctylphenyl ether and 52 g of deionized water were
mixed, heated to 60°C and then emulsified by a high-pressure homogenizer. Ethyl acetate and chlorofluorocarbon were
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distilled off from the resultant emulsion by a rotary evaporator to give a FA/StA copolymer emulsion.

The FA/StA copolymer emulsion was mixed with 40 g of EA, heated to 70°C and then stirred for 24 hours. After stir-
ring for about one hour under a nitrogen gas flow, 0.2 g of azobisisobutyronitrile (AIBN) was added to initiate the polym-
erization. A polymer emulsion whose polymer composition is the same as that of the composite emulsion of Preparative
Example 1 was obtained after heating with stirring at 70°C for 6 hours. A gas chromatography analysis revealed that at
least 99% of monomers were polymerized. A molecular weight of the resultant polymer emulsion was measured by
GPC. A weight average molecular weight was 170,000 (in terms of polystyrene).

Comparative Preparative Examples 12 to 15

(Polymer emulsion prepared by seed emulsion polymerization)

In Comparative Preparative Example 12, the same manner as in Comparative Preparative Example 11 was
repeated, except that 30 g of EA and 10 g of FA were used as the monomer which was added to the FA/StA copolymer
emulsion.

In the same manner, 20 g of EA and 20 g of FA were used in Comparative Preparative Example 13. 10 g of EA and
30 g of FA were used in Comparative Preparative Example 14. 40 g of FA was used in Comparative Preparative Exam-
ple 15.

The polymer composition (weight ratio) of the composite emulsions, blend emulsions and copolymer emulsions,
and polymer emulsions obtained by the seed emulsion polymerization, which were obtained by the above methods, is
shown in Table 5. These emulsions are the same in polymer composition, but different in structure of particles.

10
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Table 5
Polymer composition (weight ratio) of composite emulsions wherein Rf compound is FA/StA copolymer (Preparative
Examples 1 to 5), and blend emulsions (Comparative Preparative Examples 1 to 5), copolymer emulsions (Compatr-
ative Preparative Examples 6 to 10) and polymer emulsions obtained by seed polymerization (Comparative Prepar-
ative Examples 11 to 15), which have the same composition as that of the above composite emulsions
Fluorine con- 14 25 36 46 57
centration
(Wt%)
Preparative 1 2 3 4 5
Example
Rf compound FA/StA copoly- 20 20 20 20 20
mer
Monomer EA 40 30 20 10 0
Monomer FA 0 10 20 30 40
Comparative 1 2 3 4 5
Preparative
Example
Rf compound FA/StA copoly- 20 20 20 20 20
emulsion mer emulsion
Polymer com- | EA 40 30 20 10 0
position of
blender emul- | FA 0 10 20 30 40
sion (EA/FA
copolymer
emulsion)
Comparative 6 7 8 9 10
Preparative
Example
Monomer StA 6.7 6.7 6.7 6.7 6.7
Monomer EA 40 30 20 10 0
Monomer FA 13.3 23.3 33.3 43.3 53.3
Comparative 11 12 13 14 15
Preparative
Example
Rf compound FA/StA copoly- 20 20 20 20 20
emulsion mer emulsion
Monomer EA 40 30 20 10 0
Monomer FA 0 10 20 30 40
Example 1

(Composite emulsion of FA/StA copolymer)

A polyester (tropical) fabric was immersed in a diluted liquid (solid content: 1% by weight) of the composite emul-
sion prepared in Preparative Examples 1-5. Then, the polyester fabric was dried at 80°C for 3 minutes and cured at
150°C for 3 minutes. Alternatively, the polyester fabric was dried at 80°C for 3 minutes and cured at a low temperature
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of 100°C for 3 minutes. Initial water- and oil-repellency of the treated fabric was evaluated. The results are shown in
Table 6.

Comparative Example 1

(Blend emulsion of FA/StA copolymer)

The water- and oil-repellency of the blend emulsions prepared in Comparative Preparative Examples 1 to 5 was
evaluated in the same manner as in Example 1. The results are shown in Table 6.

Comparative Example 2
(FA/StA/EA copolymer emulsion)

The water- and oil-repellency of the copolymer emulsions prepared in Comparative Preparative Examples 6 to 10
was evaluated in the same manner as in Example 1. The results are shown in Table 6.

Comparative Example 3
(Polymer emulsion prepared by seed emulsion polymerization)

The water- and oil-repellency of the polymer emulsions prepared in Comparative Preparative Examples 11 to 15
was evaluated in the same manner as in Example 1. The results are shown in Table 6.
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Table 6
Water-repellency/oil-repellency of composite emulsions wherein Rf compound is FA/StA copolymer, and blend emul-
sions, copolymer emulsions and polymer emulsions obtained by seed polymerization, which have the same compo-
sition as that of the above composite emulsions (temperature in the table is a curing temperature)
Fluorine con- 14 25 36 46 57
centration
(Wt%)
Example 1 Preparative 1 2 3 4 5
Example
Composite 150°C 70+/4 80+/5 90/7 100/7 100+/7
emulsion 100°C 70/2 80/6 80+/6 90+/8 100/7
Comparative | Comparative 1 2 3 4 5
Example 1 Preparative
Example
Blend emul- 150°C 50/1 50+/2 70/4 70/5 80/5
ston 100°C 0/0 50/2 703 70/4 80/5
Comparative | Comparative 6 7 8 9 10
Example 2 Preparative
Example
Copolymer 150°C 0/0 50/3 50/3 50/4 80/5
emulsion 100°C 0/0 0/ 50/1 50/2 70+/4
Comparative | Comparative 11 12 13 14 15
Example 3 Preparative
Example
Polymer emul- 150°C 70/3 70+/4 80/5 90/6 90+/6
sion prepared 100°C 50+/1 70/2 70/5 80/5 80/5
by seed emul-
sion polymeri-
zation

In order to determine the reason why the composite emulsion is superior in water- and oil-repellency to the blend
emulsion, copolymer emulsion and polymer emulsion prepared by the seed emulsion polymerization as shown in
Example 1 and Comparative Examples 1 to 3, a surface fluorine analysis of the treated fabric cured at 150°C was con-
ducted by ESCA. A relationship between F/C (as a measure of the surface fluorine concentration) and the fluorine con-
centration in the polymer is shown in Fig. 1.

As is apparent from this result, the surface fluorine concentration of the fabric treated with the composite emulsion
is higher than that treated with the blend emulsion, copolymer emulsion and polymer emulsion prepared by the seed
emulsion polymerization. This result shows that the surface fluorine concentration of a polymer film is high and it is easy
to uniformly form the polymer film on the fiber. The reason why the composite emulsion has such characteristics is sup-
posed that the composite emulsion has the structure that a polymer having a high fluorine content is dispersed at the
micro-state in one particle while a polymer having good film formation properties serves as a continuous phase. It is an
object to prepare the emulsion having the same structure also in the seed emulsion polymerization. However, in the
seed emulsion polymerization, all of the monomer added later are not adsorbed on seed emulsion particles, and a part
of the monomer is dispersed in a free state. In an extreme case, the monomer added later are not adsorbed on seed
emulsion particles at all, and the same blend emulsion as that prepared in Comparative Preparative Examples 110 5 is
prepared. The above is assumed to be the reason why the polymer emulsion prepared by the seed emulsion polymer-
ization is inferior in performance to the composite emulsion.
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Preparative Example 6
(Composite emulsion of Rf polyester)

In a four-necked flask equipped with a reflux condenser, a nitrogen introducing tube, a thermometer and a stirrer,
66 g of perfluoroalkyl 2,3-epoxypropane [a perfluoroalkyl group CF3CF5(CF>CFy),- is a mixture whereinnis 2,3, 4,5
and 6 in a weight ratio of 2:50:30:15:3], 30 g of phthalic anhydride and 15 g of phenyl glycidyl ether were charged and
heated to 130°C with flowing a nitrogen gas. 0.1 g of N,N-dimethylbenzylamine was added and, after confirming that a
gas chromatography that the consumption rate of perfluoroalkyl 2,3-epoxypropane reached 99% (usually, about 8
hours), 0.8 g of acetic anhydride was added. The reaction mixture was continuously stirred for 2 hours and then cooled
to give a Rf polyester having a melting point of about 70°C.

120 g of the Rf polyester was sufficiently dissolved in 280 g of methyl methacrylate (MMA), and then 19 g of sodium
a-olefin sulfonate, 21 g of polyoxyethylene sorbitan monooleate, 0.1 g of lauryl mercaptan and 684 g of deionized water
were added. The mixture was emulsified by a high-pressure homogenizer. The resultant emulsion was charged in a
four-necked flask equipped with a reflux condenser, a nitrogen introducing tube, a thermometer and a stirrer. After the
emulsion was maintained at 70°C under a nitrogen gas flow for about one hour with sufficient stir, 2 g of AIBN was
added to initiate the polymerization. A composite emulsion was obtained after heating with stirring at 70°C for 6 hours.
A gas chromatography analysis revealed that at least 99% of monomers were polymerized. A molecular weight of the
resultant composite emulsion was measured by GPC. A weight average molecular weight was 250,000 (in terms of pol-
ystyrene).

Comparative Preparative Example 16

(Blend emulsion of Rf polyester)

10 g of the Rf polyester used in Preparative Example 6, 5 g of ethyl acetate, 5 g of chlorofluorocarbon-113, 0.475
g of sodium a-olefinsulfonate, 0.525 g of polyoxyethylenesorbitan monooleate and 26 g of deionized water were mixed,
heated to 60°C and then emulsified by a high-pressure homogenizer. Ethyl acetate and chlorofluorocarbon were dis-
tilled off from the resultant emulsion by a rotary evaporator to give a Rf polyester emulsion.

On the other hand, 60 g of MMA, 174 g of deionized water, 0.06 g of n-laurylmercaptan, 2.85 g of sodium a-olefin-
sulfonate and 3.15 g of polyoxyethylene sorbitan monooleate were mixed, heated to 70°C and then emulsified by a
high-pressure homogenizer to give an emulsion. The emulsion was charged in a four-necked flask equipped with a
reflux condenser, a nitrogen introducing tube, a thermometer and a stirrer. After the emulsion was maintained at 70°C
under a nitrogen gas flow for about one hour with sufficient stir, 0.3 g of AIBN was added to initiate the polymerization.
A blender emulsion was obtained after heating with stirring at 70°C for 6 hours. A gas chromatography analysis
revealed that at least 99% of monomers were polymerized. A molecular weight of the resultant blender emulsion was
measured by GPC. A weight average molecular weight was 250,000 (in terms of polystyrene).

The Rf polyester emulsion and the blender emulsion were mixed so that a weight ratio of the solid content of the Rf
polyester emulsion to that of the blender emulsion was 3:7 to give a blend emulsion whose polymer composition is the
same as that of the composite emulsion of Preparative Example 6.

Preparative Example 7

(Composite emulsion of Rf maleate)

In a flask equipped with a Dean-Stark trap, 300 g (0.581 mol) of perfluoroalkyl ethanol
[CF3CF»(CF,CF5),CH>-CH,OH, a mixture wherein nis 2, 3, 4, 5 and 6 in a weight ratio of 2:50:30:15:3, average molec-
ular weight: 516], 132 g (1.138 mol) of maleic acid and 80 g of benzene were charged and heated to 55°C with stirring.
0.1 g of p-toluenesulfonic acid and 0.4 g of sulfuric acid were added, followed by heating to 83°C. Benzene was refluxed
and the reaction was continued with removing water for 11 hours. Then, 28 g of a 10% aqueous sodium carbonate solu-
tion was added and, after stirring continuously for 2 hours, benzene and water were distilled off at 88°C under 20
mmHg. After heating to about 90°C, insoluble materials were removed by filtering with a SUS mesh to give 400 g (yield:
93%) of a perfluoroalkyl group-containing maleate (Rf maleate).

Except that the Rf maleate was used instead of the Rf polyester, the same manner as in Preparative Example 6
was repeated to prepare a Rf maleate composite emulsion.
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Comparative Preparative Example 17

(Blend emulsion of Rf maleate)

Except that the Rf maleate was used, the same manner as in Comparative Preparative Example 1 was repeated
to prepare a blend emulsion of a Rf maleate.

Preparative Example 8
(Composite emulsion of Rf fumarate)
Except that 132 g of fumaric acid was used instead of maleic acid, the same manner as in Preparative Example 7

was repeated to prepare a perfluoroalkyl group-containing fumarate (Rf fumarate). Furthermore, the same manner as
in Preparative Example 7 was repeated to prepare a Rf fumarate composite emulsion.

Comparative Preparative Example 18
(Blend emulsion of Rf fumarate)

Except that the Rf fumarate was used, the same manner as in Comparative Preparative Example 1 was repeated
to prepare a blend emulsion of a Rf fumarate.

Example 2

(Rf polyester composite emulsion)

The Rf polyester composite emulsion of Preparative Example 6 was diluted with water to prepare a liquid having a
solid content of 3% by weight, which was used as a treating liquid. This treating liquid was spray-coated on a nylon loop-
piled carpet fabric (non-backed product) so that the loading amount was 100 g/m?, followed by drying with heating at
130°C for 3 minutes. The water- and oil-repellency and stainproof properties of the treated carpet were evaluated. The
results are shown in Table 7.

Comparative Example 4

(Rf polyester blend emulsion)
Except that the Rf polyester blend emulsion obtained in Comparative Preparative Example 16 was used, the same

manner as in Example 2 was repeated to evaluate the water- and oil-repellency and stainproof properties. The results
are shown in Table 7.

Example 3
(Rf maleate composite emulsion)
Except that the Rf maleate composite emulsion obtained in Preparative Example 7 was used, the same manner as

in Example 2 was repeated to evaluate the water- and oil-repellency and stainproof properties. The results are shown
in Table 7.

Comparative Example 5
(Rf maleate blend emulsion)
Except that the Rf maleate blend emulsion obtained in Comparative Preparative Example 17 was used, the same

manner as in Example 2 was repeated to evaluate the water- and oil-repellency and stainproof properties. The results
are shown in Table 7.
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Example 4
(Rf fumarate composite emulsion)
Except that the Rf fumarate composite emulsion obtained in Preparative Example 8 was used, the same manner

as in Example 2 was repeated to evaluate the water- and oil-repellency and stainproof properties. The results are
shown in Table 7.

Comparative Example 6
(Rf fumarate blend emulsion)
Except that the Rf fumarate blend emulsion obtained in Comparative Preparative Example 18 was used, the same

manner as in Example 2 was repeated to evaluate water- and oil-repellency and stainproof properties. The results are
shown in Table 7.

Table 7
Water repellency, oil repellency and stainproof properties of composite emulsions wherein Rf compound is Rf poly-
ester, Rf maleate and Rf fumarate, and blend emulsions having the same composition as that of the above compos-
ite emulsions
Type of emulsion Water repellency Qil repellency Stainproof properties

Example 2 Rf polyester composite 30 4 19

emulsion
Comparative Example 4 | Rf polyester blend 20 3 30

emulsion
Example 3 Rf maleate composite 40 5 21

emulsion
Comparative Example 5 | Rf maleate blend emul- 30 4 35

sion
Example 4 Rf fumarate composite 40 5 20

emulsion
Comparative Example 6 | Rf fumarate blend 30 4 28

emulsion

Claims

1. A stainproofing composition having water- and oil-repellency, comprising a polymer emulsion prepared by dissolv-
ing at least one polyfluoroalkyl group-containing compound selected from the group consisting of a polyfluoroalkyl
group-containing (meth)acrylate polymer, a polyfluoroalkyl group-containing polyester, a polyfluoroalkyl group-con-
taining maleate and a polyfluoroalkyl group-containing fumarate in at least one monomer selected from the group
consisting of a (meth)acrylate ester, a vinyl ester, a styrene compound, vinyl chloride and vinylidene chloride, emul-
sifying the resultant solution in water to give an oil-in-water emulsion, and polymerizing the resultant emulsion.

2. The stainproofing composition according to claim 1, wherein the polyfluoroalkyl group-containing compound is a

polymer of a polyfluoroalkyl group-containing (meth)acrylate having a repeating unit represented by the general for-
mula (1):
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X
I

-(CH,C)- (1)
COO-A-Rf

a polyfluoroalkyl group-containing polyester represented by the general formula (2):

-((IJHCH?_O-OC-B1-CO)y-(?HCHZO)Z-
| CH, (2)

|
A o—O
a polyfluoroalkyl group-containing maleate represented by the general formula (3):

H_ COO-A- Rf

@)

| (3)

H” “COO0-A-Rf

O=

or a polyfluoroalkyl group-containing fumarate represented by the general formula (4):

H_ /COO-A- Rf

|
AN
’ H

O

(4)

O=

Rf-A-OCO

wherein Rf is a polyfluoroalkyl group having 6 to 16 carbon atoms;
A is an alkylene group having 1 to 4 carbon atoms,

R'O
| 1l
_RZ_N_ISI_
)
R1
|
-R2-N-CO-

(wherein R is an alkyl group having 1 to 4 carbon atoms and R? is an alkylene group having 1 to 4 carbon atoms)
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or
OH
-CH,CHCH,-

B! is an alkylene group having 1 to 4 carbon atoms or a phenylene group;
X is a hydrogen atom or a methyl group;
y is from 1 to 100; and z is from 1 to 1000.
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